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(57) ABSTRACT 

Disclosed herein is a method of forming a semiconductor 
device. In one example, the method comprises forming a 
P-active region in a silicon containing semiconducting Sub 
strate, performing an ion implantation process to implant 
germanium into the P-active region to form an implanted 
silicon-germanium region in the P-active region, and forming 
a gate electrode structure for a PMOS transistor above the 
implanted silicon-germanium region. 

12 Claims, 3 Drawing Sheets 
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PMOS THRESHOLD VOLTAGE CONTROL BY 
GERMANIUM IMPLANTATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Generally, the present disclosure generally relates to the 

manufacturing of Sophisticated semiconductor devices, and, 
more specifically, to a process flow whereby germanium is 
implanted to control the threshold voltage of PMOS devices. 

2. Description of the Related Art 
The fabrication of advanced integrated circuits, such as 

CPUs, storage devices, ASICs (application specific inte 
grated circuits) and the like, requires a large number of circuit 
elements to be formed on a given chip area according to a 
specified circuit layout, wherein field effect transistors repre 
sent one important type of circuit element that Substantially 
determines performance of the integrated circuits. Generally, 
a plurality of process technologies are currently practiced, 
wherein, for many types of complex circuitry, including field 
effect transistors, MOS technology is currently one of the 
most promising approaches due to the Superior characteristics 
in view of operating speed and/or power consumption and/or 
cost efficiency. During the fabrication of complex integrated 
circuits using, for instance, MOS technology, millions of 
transistors, e.g., N-channel transistors (NMOS or NMOSs) 
and/or P-channel transistors (PMOS or PMOSs), are formed 
on a Substrate including a crystalline semiconductor layer. A 
field effect transistor, irrespective of whether an N-channel 
transistor or a P-channel transistor is considered, typically 
comprises so-called PN junctions that are formed by an inter 
face of highly doped regions, referred to as drain and source 
regions, with a slightly doped or non-doped region, Such as a 
channel region, disposed adjacent to the highly doped 
regions. 

In a field effect transistor, the conductivity of the channel 
region, i.e., the drive current capability of the conductive 
channel, is controlled by a gate electrode formed adjacent to 
the channel region and separated therefrom by a thin insulat 
ing layer. The conductivity of the channel region, upon for 
mation of a conductive channel due to the application of an 
appropriate control Voltage to the gate electrode, depends on 
the dopant concentration, the mobility of the charge carriers 
and, for a given extension of the channel region in the tran 
sistor width direction, on the distance between the source and 
drain regions, which is also referred to as channel length. 
Hence, in combination with the capability of rapidly creating 
a conductive channel below the insulating layer upon appli 
cation of the control Voltage to the gate electrode, the con 
ductivity of the channel region substantially affects the per 
formance of MOS transistors. Thus, as the speed of creating 
the channel, which depends on the conductivity of the gate 
electrode, and the channel resistivity substantially determine 
the transistor characteristics, the scaling of the channel 
length, and associated therewith the reduction of channel 
resistivity and reduction of gate resistivity, is a dominant 
design criterion for accomplishing an increase in the operat 
ing speed of the integrated circuits. 

Presently, the vast majority of integrated circuits are fab 
ricated on the basis of silicon due to the substantially unlim 
ited availability thereof, the well-understood characteristics 
of silicon and related materials and processes and the expe 
rience gathered over the last 50 years. Therefore, silicon will 
likely remain the material of choice in the foreseeable future 
for circuit generations designed for mass products. One rea 
son for the importance of silicon in fabricating semiconductor 
devices has been the Superior characteristics of a silicon/ 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
silicon dioxide interface that allows reliable electrical insu 
lation of different regions from each other. The silicon/silicon 
dioxide interface is stable at high temperatures and, thus, 
allows the performance of Subsequent high temperature pro 
cesses, as are required, for example, for anneal cycles to 
activate dopants and to cure crystal damage without sacrific 
ing the electrical characteristics of the interface. 

For the reasons pointed out above, in field effect transistors, 
silicon dioxide is preferably used as a gate insulation layer 
that separates the gate electrode, frequently comprised of 
polysilicon or other metal-containing materials, from the sili 
con channel region. In steadily improving device perfor 
mance of field effect transistors, the length of the channel 
region has been continuously decreased to improve Switching 
speed and drive current capability. Since the transistor per 
formance is controlled by the Voltage Supplied to the gate 
electrode to invert the surface of the channel region to a 
Sufficiently high charge density for providing the desired 
drive current for a given Supply Voltage, a certain degree of 
capacitive coupling, provided by the capacitor formed by the 
gate electrode, the channel region and the silicon dioxide 
disposed therebetween, has to be maintained. It turns out that 
decreasing the channel length requires an increased capaci 
tive coupling to avoid the so-called short channel behavior 
during transistor operation. The short channel behavior may 
lead to an increased leakage current and to a pronounced 
dependence of the threshold Voltage on the channel length. 
Aggressively scaled transistor devices with a relatively low 
Supply Voltage and thus reduced threshold Voltage may suffer 
from an exponential increase of the leakage current due to the 
required enhanced capacitive coupling of the gate electrode to 
the channel region that is accomplished by decreasing the 
thickness of the silicon dioxide layer. For example, a channel 
length of approximately 0.08 um may require a gate dielectric 
made of silicon dioxide as thin as approximately 1.2 nm. 
Although, generally, usage of high speed transistor elements 
having an extremely short channel length may be restricted to 
high-speed signal paths, whereas transistor elements with a 
longer channel length may be used for less critical signal 
paths, the relatively high leakage current caused by direct 
tunneling of charge carriers through an ultra-thin silicon 
dioxide gate insulation layer may reach values for an oxide 
thickness in the range of 1-2 nm that may no longer be 
compatible with requirements for many types of integrated 
circuits. 

Therefore, replacing silicon dioxide, or at least a part 
thereof, as the material for gate insulation layers has been 
considered. Possible alternative dielectrics include so-called 
high-k materials (k value greater than 10) that exhibit a sig 
nificantly higher permittivity so that a physically greater 
thickness of a correspondingly formed gate insulation layer 
nevertheless provides a capacitive coupling that would be 
obtained by an extremely thin silicon dioxide layer. It has thus 
been Suggested to replace silicon dioxide with high permit 
tivity materials, such as tantalum oxide (Ta-Os) with a k of 
approximately 25, strontium titanium oxide (SrTiO), having 
a k of approximately 150, hafnium oxide (H?O), HfSiO, 
zirconium oxide (ZrO2) and the like. 
When advancing to Sophisticated gate architecture based 

on high-k dielectrics, additionally, transistor performance 
may also be increased by providing an appropriate conductive 
material for the gate electrode to replace the typical polysili 
con material, since polysilicon may suffer from charge carrier 
depletion at the vicinity of the interface to the gate dielectric, 
thereby reducing the effective capacitance between the chan 
nel region and the gate electrode. Thus, a gate stack has been 
Suggested in which a high-k dielectric material provides 
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enhanced capacitance even at a less critical thickness com 
pared to a silicon dioxide layer, while additionally maintain 
ing leakage currents at an acceptable level. On the other hand, 
metal-containing non-polysilicon material. Such as titanium 
nitride and the like, may beformed so as to directly connect to 
the high-k dielectric material, thereby substantially avoiding 
the presence of a depletion Zone. Therefore, the threshold 
voltage of the transistors is significantly affected by the work 
function of the gate material that is in contact with the gate 
dielectric material, and an appropriate adjustment of the 
effective work function with respect to the conductivity type 
of the transistor under consideration has to be guaranteed. 

For example, appropriate metal-containing gate electrode 
materials. Such as titanium nitride and the like, may fre 
quently be used in combination with appropriate metal spe 
cies, such as lanthanum, aluminum and the like, so as to adjust 
the work function to be appropriate for each type of transistor, 
i.e., N-channel transistors and P-channel transistors, which 
may require an additional band gap offset for the P-channel 
transistor. For this reason, it has also been proposed to appro 
priately adjust the threshold voltage of transistor devices by 
providing a specifically designed semiconductor material at 
the interface between the high-k dielectric material and the 
channel region of the transistor device, in order to appropri 
ately “adapt the band gap of the specifically designed semi 
conductor material to the work function of the metal-contain 
ing gate electrode material, thereby obtaining the desired low 
threshold voltage of the transistor under consideration. Typi 
cally, a corresponding specifically designed semiconductor 
material. Such as silicon/germanium and the like, may be 
provided by an epitaxial growth technique at an early manu 
facturing stage, which may also present an additional com 
plex process step, which, however, may avoid complex pro 
cesses in an advanced stage for adjusting the work function 
and, thus, the threshold Voltages in a very advanced process 
Stage. 

It turns out, however, that the manufacturing variations in 
the threshold adjusting semiconductor alloy may have a sig 
nificant influence on threshold variability and other transistor 
characteristics, as will be described in more detail with ref 
erence to FIG. 1. FIG. 1 depicts an illustrative prior art device 
100 that is generally comprised of a partially formed NMOS 
transistor 100N and apartially formed PMOS transistor 100P 
formed in and above a semiconducting substrate 10. The 
illustrative transistors 100N, 100p are separated by an illus 
trative isolation structure 12, e.g., a shallow trench isolation 
structure, formed in the substrate 10. In one illustrative 
embodiment, the semiconducting Substrate 10 is comprised 
of silicon. The substrate 10 may have a variety of configura 
tions, such the depicted silicon-on-insulator (SOI) structure 
having a bulk silicon layer 10A, a buried insulation layer 10B 
and an active layer 10C. The substrate 10 may also have a 
simple bulk silicon configuration. 
At the stage of manufacture depicted in FIG. 1, the tran 

sistors 100N, 100P are each comprised of a gate structure 20 
and source/drain regions 30. The gate structure 20 may 
include a gate insulation layer 22, a high-kinsulation layer 24, 
a gate electrode 26 and sidewall spacers 28. The gate elec 
trode may be made of a variety of materials, such as lantha 
num (for the NMOS transistor 100N) and aluminum (for the 
PMOS transistor 100P). In some cases, the PMOS transistor 
100P may have an additional work function layer 25, such as 
titanium nitride, that may not be present in the NMOS tran 
sistor 100N. Typically, during the formation of the PMOS 
transistor 100P, a layer of semiconductor material 32, e.g., 
silicon germanium, is selectively grown on the active layer 
10C in the P-active region where the PMOS transistor 100P 
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4 
will be formed in an attempt to control the threshold voltage 
of the PMOS transistor 100P, and thereby enhance the per 
formance and controllability of the PMOS transistor 100P. 
Typically, the semiconductor material 32 is not formed for the 
NMOS transistor 100N. Prior to selectively growing the layer 
of semiconductor material 32 for the PMOS transistors 100P, 
one or more etching and masking process may be performed 
such that only the portions of the active layer 10C where 
PMOS transistors 100P will be formed are exposes to the 
selective deposition process, e.g., a selective epitaxial depo 
sition process. Unfortunately, the processes used to form the 
semiconductor material 32, e.g., an epitaxial growth/deposi 
tion process, are not precise enough as there is typically 
significant thickness variations in the regions of semiconduc 
tor material 32 formed across the substrate. For example, in 
the case where the target thickness of the semiconductor 
material 32 is 7 nm, the variation in the thickness of the 
semiconductor material 32 regions formed across the Sub 
strate 10 may be approximately +/- 1.0-1.5 nm. This across 
Substrate thickness variation in the semiconductor material 
32 may cause significant changes in the threshold Voltage of 
the resulting PMOS transistor 100P, e.g., it may cause a shift 
in the threshold voltage of approximately +/-25-30 mV. As a 
result of various PMOS transistors 100P having different 
threshold voltage levels, because of the differences in thick 
ness of the semiconductor material 32 for the various PMOS 
transistors 100P, the operation and controllability on the 
semiconductor device 100 is degraded 
The present disclosure is directed to various methods that 

may avoid, or at least reduce, the effects of one or more of the 
problems identified above. 

SUMMARY OF THE INVENTION 

The following presents a simplified Summary of the inven 
tion in order to provide a basic understanding of some aspects 
of the invention. This summary is not an exhaustive overview 
of the invention. It is not intended to identify key or critical 
elements of the invention or to delineate the scope of the 
invention. Its sole purpose is to present some concepts in a 
simplified form as a prelude to the more detailed description 
that is discussed later. 

Generally, the present disclosure is directed to a to a pro 
cess flow whereby Germanium is implanted to control the 
threshold voltage of PMOS devices. In one example, the 
method comprises forming a P-active region in a silicon con 
taining semiconducting Substrate, performing an ion implan 
tation process to implant germanium into the P-active region 
to form an implanted silicon-germanium region in the P-ac 
tive region, and forming a gate electrode structure for a 
PMOS transistor above the implanted silicon-germanium 
region. In some embodiments the gate electrode material may 
be a metal or polysilicon. 
A further illustrative method disclosed herein involves 

forming a P-active region and an N-active region in a silicon 
containing Substrate, forming a masking layer that covers the 
N-active region and exposes at least a portion of the P-active 
region, forming an implantation screen layer on the exposed 
portion of the P-active region, performing anion implantation 
process through the implantation screen layer to implant ger 
manium into the P-active region to forman implanted silicon 
germanium region in the P-active region, and forming a gate 
electrode structure for a PMOS transistor above the implanted 
silicon-germanium region. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The disclosure may be understood by reference to the 
following description taken in conjunction with the accom 
panying drawings, in which like reference numerals identify 
like elements, and in which: 

FIG. 1 schematically depicts an illustrative prior art semi 
conductor device that includes illustrative NMOS and PMOS 
transistors; and 

FIGS. 2A-2F depict one illustrative example of the novel 
process flow described herein. 

While the subject matter disclosed herein is susceptible to 
various modifications and alternative forms, specific embodi 
ments thereof have been shown by way of example in the 
drawings and are herein described in detail. It should be 
understood, however, that the description herein of specific 
embodiments is not intended to limit the invention to the 
particular forms disclosed, but on the contrary, the intention is 
to cover all modifications, equivalents, and alternatives fall 
ing within the spirit and scope of the invention as defined by 
the appended claims. 

DETAILED DESCRIPTION 

Various illustrative embodiments of the invention are 
described below. In the interest of clarity, not all features of an 
actual implementation are described in this specification. It 
will of course be appreciated that in the development of any 
Such actual embodiment, numerous implementation-specific 
decisions must be made to achieve the developers specific 
goals, such as compliance with system-related and business 
related constraints, which will vary from one implementation 
to another. Moreover, it will be appreciated that such a devel 
opment effort might be complex and time-consuming, but 
would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the benefit of this disclosure. 
The present subject matter will now be described with 

reference to the attached figures. Various structures, systems 
and devices are schematically depicted in the drawings for 
purposes of explanation only and so as to not obscure the 
present disclosure with details that are well known to those 
skilled in the art. Nevertheless, the attached drawings are 
included to describe and explain illustrative examples of the 
present disclosure. The words and phrases used herein should 
be understood and interpreted to have a meaning consistent 
with the understanding of those words and phrases by those 
skilled in the relevant art. No special definition of a term or 
phrase, i.e., a definition that is different from the ordinary and 
customary meaning as understood by those skilled in the art, 
is intended to be implied by consistent usage of the term or 
phrase herein. To the extent that a term or phrase is intended 
to have a special meaning, i.e., a meaning other than that 
understood by skilled artisans, such a special definition will 
be expressly set forth in the specification in a definitional 
manner that directly and unequivocally provides the special 
definition for the term or phrase. 
The present disclosure is directed to techniques that may be 

employed in forming Sophisticated gate electrode structures 
for various integrated circuit devices while reducing or per 
haps eliminating across-wafer variations in the threshold 
voltage of PMOS transistors. In some cases, the transistors 
may include a high-k dielectric material (k value greater than 
10) and a metal-containing electrode material. As will be 
readily apparent to those skilled in the art upon a complete 
reading of the present application, the present method is 
applicable to a variety of technologies, and is readily appli 
cable to a variety of devices, including, but not limited to, 
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6 
logic devices, memory devices, resistors, conductive lines, 
etc. With reference to FIGS. 2A-2F, further illustrative 
embodiments will now be described in more detail, wherein 
reference may also be made to FIG. 1, if required. 

FIG. 2A depicts an illustrative semiconducting substrate 
10 that is generally comprised of an N-active region 10N, 
where an illustrative NMOS transistor will ultimately be 
formed, and a P-active region 10P, where an illustrative 
PMOS transistor will ultimately be formed. The NMOS and 
PMOS transistors will beformed in and above the active layer 
10C of the semiconducting substrate 10. The illustrative 
active regions 10N, 10P are separated by illustrative isolation 
structures 12, e.g., a shallow trench isolation structure, 
formed in the substrate 10. In one illustrative embodiment, 
the semiconducting substrate 10 a silicon-on-insulator (SOI) 
substrate comprised of bulk silicon 10A, a buried insulation 
layer 10B (commonly referred to as a “BOX' layer 10B and 
an active layer 10C, which may also be a silicon material. Of 
course, the present invention is equally applicable to other 
configurations of the substrate 10. For example, the substrate 
10 may be comprised of semiconducting materials other than 
silicon and/or it may be in anotherform, Such as a bulk silicon 
configuration. Thus, the terms Substrate or semiconductor 
substrate should be understood to coverall forms of semicon 
ductor structures. At the stage of manufacture depicted in 
FIG. 2A, the N-active region 10N and the P-active region 10P 
have been defined by the formation of illustrative shallow 
trench isolation structures 12 in the active layer 10C of the 
substrate 10. The substrate 10 itself, and the isolation struc 
tures 12 may be formed using traditional techniques. For 
example, the isolation structures 12 may be formed by per 
forming one or more etching and deposition processes, which 
are well known to those skilled in the art. 

Next, as shown in FIG. 2B an illustrative masking layer 50, 
with a mask opening 50A, is formed above the substrate 10 to 
mask the N-active regions 10N and expose at least portions of 
the P-active regions 10P across the substrate for further pro 
cessing. As will be discussed more fully below, the size of the 
mask opening 50A may vary depending upon the application 
or the desires of the device designer. In the illustrative 
example depicted in FIG.2B, the mask opening 50A exposes 
substantially all of the P-active region 10P between the iso 
lation structures 12 for further processing. The masking layer 
50 may be comprised of a variety of materials, e.g., photore 
sist, silicon nitride, etc. The masking layer 50 may be formed 
by a variety of techniques, e.g., spin-coating, chemical vapor 
deposition (CVD), low pressure chemical vapor deposition 
(LPCVD), etc. In one illustrative embodiment, the masking 
layer 50 is a layer of photoresist that is formed using tradi 
tional photolithography techniques, e.g., spin-on coating, 
soft-bake, exposure, hard bake and develop, etc. 

Also depicted in FIG. 2B is an illustrative implant screen 
layer 52 (also sometimes referred to as a “screen oxide’ in the 
case where it is made from an oxide) formed on exposed 
active regions 10P. The implant screen layer 52 may be com 
prised of a variety of materials, e.g., silicon dioxide, etc., and 
it may be formed by a variety of techniques, e.g., chemical 
vapor deposition (CVD), low pressure chemical vapor depo 
sition (LPCVD), thermal growth, etc. In one illustrative 
embodiment, the implant screen layer 52 is comprised of a 
thermally grown layer of silicon dioxide having a thickness 
ranging from approximately 1-3 nm. 

Next, as shown in FIG. 2C, an ion implantation process 54 
is performed to implant Germanium into the P-active region 
10P to form the Silicon-Germanium (SiGe) region 56 in the 
active layer 10C. In one illustrative embodiment, the implant 
process 54 is performed at an energy level ranging from 1-10 
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KeV, with an implant dosage that ranges from 1e'-le' ions/ 
cm of Germanium. In one illustrative example, the Germa 
nium implant region has an as-implanted thickness that 
ranges from approximately 3-10 nm. By implanting the Ger 
manium ions the thickness uniformity of the implanted SiGe 
regions 56 formed across the substrate 10 may be more accu 
rately controlled as compared the formation of the SiGe 
regions 32 depicted in FIG. 1 using prior art epitaxial depo 
sition processes to form the SiGe regions 32 of the prior art. 
As a result, the threshold voltage of PMOS transistors formed 
above the implanted SiGe regions 56 is less variable and more 
controllable as compared to prior art devices. After the SiGe 
regions 56 have been formed the implant screen layer 52 may 
ultimately be removed and a gate insulation layer for the 
PMOS transistor (to be formed) may be formed above the 
implanted SiGe regions 56. 

Ultimately, the implanted SiGe region 56 will be subjected 
to a heat treatment process to cure damage to the lattice 
structure of the active layer 10C. In one illustrative embodi 
ment, the heat treatment may be performed at a temperature 
ranging from approximately 500-700 C, and even more spe 
cifically at a temperature of approximately 600C, for a dura 
tion of approximately 4 minutes. For purposes of this appli 
cation and the claims, it should be understood that the phrase 
“implanted SiGe region' or “implanted silicon-germanium 
region” refers to the same structure either before or after any 
heat treatment process is performed on Such regions. Addi 
tionally, to the extent possible with the overall manufacturing 
process scheme, the heat treatment of the implanted SiGe 
region 56 may be performed in conjunction with or separate 
from other heat treatments performed during manufacturing. 
For example, the heat treatment process for the implanted 
SiGe region 56 may be performed in conjunction with one or 
more heat treatments process performed to activate dopant 
materials implanted to form source-drain regions. 
As reflected in FIG. 2F, after the implanted SiGe region 56 

is formed, traditional processing operations may be per 
formed to form illustrative NMOS and PMOS transistors 
100N, 100P, wherein the implanted SiGe region 56 extends at 
least under the gate electrode structure 20 of the PMOS tran 
sistor 100P. As noted previously, the presence of the 
implanted SiGe regions 56 causes the threshold voltage of the 
PMOS transistors to be less variable and more controllable as 
compared to prior art devices that employed the silicon ger 
manium regions 32 formed by performing a epitaxial depo 
sition/growth process. 

FIG. 2E depicts an alternative implementation of the 
present subject matter, wherein the implanted SiGe region 56 
covers less than the entire width of the P-active region 10P. 
This may be accomplished by controlling the size and loca 
tion of the mask opening 50A such the Germanium is 
implanted into the desired location under in the active layer 
10C. For example, the mask opening 50A may be sized such 
that the implanted SiGe region 56 will be positioned only 
under the gate electrode of the subsequently formed PMOS 
transistor, or it may be sized such that the implanted SiGe 
region 56 will be positioned under the gate electrode and one 
or more sidewall spacers of the subsequently formed PMOS 
transistor. To the extent that the implanted SiGe region 56 is 
formed as illustratively depicted in FIG. 2D, wherein the 
implanted SiGe region 56 is formed across the entirety of the 
exposed P-active region 10P, the portions of the implanted 
SiGe region 56 that extend any significant distance beyond 
the gate-length of the gate electrode (that is to be formed) do 
not adversely impact the ability of the implanted SiGe region 
56 in the area under the gate electrode to assist in adjusting 
and controlling the threshold Voltage of the Subsequently 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
formed PMOS transistors. Moreover, the presence of such 
implanted SiGe regions 56 between the sidewall spacers of 
the PMOS transistor and the isolation region 12 do not appear 
to have any adverse impact of the formation of metal silicide 
regions on the source-drain regions of the PMOS device or on 
the operation of the source-drain regions themselves. 
As will be recognized by those skilled in the art after a 

complete reading of the present application, the novel meth 
ods disclosed herein may be employed in various processing 
schemes. For example, the illustrative methods disclosed 
herein may be employed in either a "gate-first or a “gate 
last’ processing technique. The conductive gate electrode 
Structures of the NMOS transistor and/or the PMOS transistor 
may be made of any conductive material. Such as metal or 
polysilicon. Thus, the present invention should not be con 
sidered as limited to any illustrative process flow or details 
described herein. Additionally, if desired, the methods dis 
closed herein could also be employed with PMOS devices 
have embedded SiGe regions, such as those briefly discussed 
in the background section of this application. 
The particular embodiments disclosed above are illustra 

tive only, as the invention may be modified and practiced in 
different but equivalent manners apparent to those skilled in 
the art having the benefit of the teachings herein. For example, 
the process steps set forth above may be performed in a 
different order. Furthermore, no limitations are intended to 
the details of construction or design herein shown, other than 
as described in the claims below. It is therefore evident that 
the particular embodiments disclosed above may be altered or 
modified and all such variations are considered within the 
scope and spirit of the invention. Accordingly, the protection 
sought herein is as set forth in the claims below. 

What is claimed: 
1. A method, comprising: 
forming a P-active region and an N-active region in a 

semiconducting Substrate comprising silicon; 
forming a masking layer that covers said N-active region 

and exposes the P-active region; 
with the masking layer in position, forming an implanta 

tion screen layer on said exposed P-active region; 
with the masking layer in position, performing an ion 

implantation process through said implantation screen 
layer to implant germanium into said P-active region to 
form an implanted silicon-germanium region in said 
P-active region, wherein performing said ion implanta 
tion process to implant germanium comprises perform 
ing said ion implantation process at an energy level 
ranging from 1-10 KeV with an implant dosage that 
ranges from 1e'-le' ions/cm of germanium; 

after performing said ion implantation process, removing 
said masking layer and said implantation screen layer So 
as to expose an upper Surface of said P-active region; and 

forming a gate insulation layer of a gate electrode structure 
for a PMOS transistor on said exposed upper surface of 
said P-active region and on said implanted silicon-ger 
manium region. 

2. The method of claim 1, wherein said implanted silicon 
germanium region has a thickness ranging from approxi 
mately 3-10 nm. 

3. The method of claim 1, wherein said implantation screen 
layer comprises silicon dioxide. 

4. The method of claim 1, wherein said implanted silicon 
germanium region has a width that is less than an entire width 
of the P-active region and Substantially equal to a gate-length 
of said PMOS transistor. 
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5. The method of claim 1, wherein said implanted silicon 
germanium region extends across an entirety of said P-active 
region that is defined by at least one isolation structure formed 
in Substrate. 

6. The method of claim 1, further comprising performing at 
least one heat treatment process on said implanted silicon 
germanium region. 

7. A method, comprising: 
forming a P-active region and an N-active region in a 

Semiconducting substrate comprising silicon; 
forming a masking layer that covers said N-active region 

and exposes at least a portion of said P-active region; 
with the masking layer in position, forming an implanta 

tion screen layer on said exposed portion of said P-active 
region; 

with the masking layer in position, performing an ion 
implantation process through said implantation screen 
layer to implant germanium into said P-active region to 
form an implanted silicon-germanium region in said 
exposed portion of said P-active region, wherein per 
forming said ion implantation process to implant germa 
nium comprises performing said ion implantation pro 
cess at an energy level ranging from 1-10 KeV with an 
implant dosage that ranges from le14-1e 15 ions/cm2 of 
germanium and wherein said implanted silicon-germa 
nium region has a thickness ranging from approximately 
3-10 nm, 

after performing said ion implantation process, removing 
said masking layer and the implantation screen layer so 
as to expose an upper surface of said P-active region; and 

forming a gate insulation layer of a gate electrode structure 
for a PMOS transistor on said exposed upper surface of 
said P-active region and on said implanted silicon-ger 
manium region. 

8. The method of claim 7, wherein said implanted silicon 
germanium region has a width that is less than an entire width 
of the P-active region and substantially equal to a gate-length 
of said PMOS transistor. 
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9. The method of claim 7, wherein said implanted silicon 

germanium region extends across an entirety of said P-active 
region that is defined by at least one isolation structure formed 
in substrate. 

10. A method, comprising: 
forming a P-active region and an N-active region in a 

semiconducting substrate comprising silicon; 
forming a masking layer that covers said N-active region 

and exposes at least a portion of said P-active region; 
with the masking layer in position, forming an implanta 

tion screen layer comprised of silicon dioxide on said 
exposed portion of said P-active region; 

with the masking layer in position, performing an ion 
implantation process through said implantation screen 
layer to implant germanium into said P-active region to 
form an implanted silicon-germanium region having a 
thickness ranging from approximately 3-10 nm in said 
P-active region, said ion implantation process being per 
formed at an energy level ranging from 1-10 KeV with 
an implant dosage that ranges from 1e'-1e" ions/cm 
of germanium; 

after performing said ion implantation process, removing 
said masking layer and said implantation screen layer so 
as to expose an upper surface of said P-active region; 

forming a gate insulation layer of a gate electrode structure 
for a PMOS transistor on said exposed upper surface of 
said P-active region and on said implanted silicon-ger 
manium region; and 

performing at least one heat treatment process on said 
implanted silicon-germanium region. 

11. The method of claim 10, wherein said implanted sili 
con-germanium region has a width that is less than an entire 
width of the P-active region and substantially equal to a 
gate-length of said PMOS transistor. 

12. The method of claim 10, wherein said implanted sili 
con-germanium region extends across an entirety of said 
P-active region that is defined by at least one isolation struc 
ture formed in substrate. 


